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Sunday, February 16, 2014 163aOur study demonstrated that actin depolymerization kinetics are force-history
dependent and that mechanical preconditioning by cyclic force loading signif-
icantly enhances bond strength in actin/actin interactions. We hypothesize that
this CMR is an important regulatory mechanism underlying cytoskeletal dy-
namics by affecting the actin depolymerization kinetics and more effective
than the traditional catch bond.
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In the Saccharomyces cerevisiae glycolytic pathway, eleven enzymes catalyze
the stepwise conversion of glucose to 2 molecules of ethanol plus 2 CO2s. In the
highly crowded cytoplasm, this pathway would be very inefficient if it were
dependent on substrate/enzyme diffusion. Therefore, the existence of a multi-
enzymatic glycolytic complex has been suggested. This complex likely uses
the cytoskeleton to stabilize the interaction of the different enzymes. Here,
the role of filamentous actin (F-actin) in the stabilization of a putative glyco-
lytic metabolon is reported. Experiments were performed in isolated-enzyme/
actin mixtures, in cytoplasmic extracts and in permeabilized yeast cells. Poly-
merization of actin was promoted with phalloidin or inhibited with cytochalasin
D or latrunculin. The polymeric, filamentous F-actin, but not the monomeric,
globular G-actin, stabilized both the interaction of isolated glycolytic-
pathway enzyme mixtures and the whole fermentation pathway, leading to
higher fermentation activity. The associated complexes were resistant against
inhibition, either by viscosity (promoted by the disaccharide trehalose) or by
inactivation (by specific enzyme antibodies). In S. cerevisiae a glycolytic me-
tabolon seems to assemble in association with F-actin. In this complex fermen-
tation activity is enhanced and enzymes are partially protected against
inhibition by trehalose or by antibodies.
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Matrix adhesions provide critical signals for cell growth or differentiation.
Adhesion formation depends upon a number of steps that follow integrin bind-
ing to matrix ligands. In an early step, integrins form clusters that support actin
polymerization by an unknown mechanism. This raises the question of how
actin polymerization occurs at the integrin clusters. We report here that a major
formin in mouse fibroblasts, FHOD1 is recruited to integrin clusters, resulting
in actin assembly. Using cell-spreading assays on lipid bilayer, solid substrates
and high-resolution force sensing pillar arrays, we find that knockdown of
FHOD1 impairs spreading, coordinated application of adhesive force and adhe-
sion maturation. Finally we show that targeting of FHOD1 to the integrin sites
depends on the direct interaction with Src family kinases, and is upstream of the
activation by Rho Kinase. Thus our findings provide novel insights into the
mechanisms of cell migration with implications for development and disease.
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Cofilin binds to actin filaments and severs them. Previous electron micro-
scopic studies showed that bound cofilin forms clusters along actin filaments,
accompanying supertwisting of the helix (McGough et al., 1997; Galkin et al.,
2011). More recent fluorescence microscopic observation revealed that
severing of actin filaments occurs at or near the boundary between the cofilin
cluster and the bare zone of the filament (Suarez et al., 2012), leading to the
hypothesis that structural discontinuity of the filament results in severing.
However, the spatial resolution of fluorescence microscopy was insufficient
to prove this model unequivocally. To address this and related issues, we at-
tempted to directly image cofilin binding to actin filaments, supertwisting of
the helix and subsequent severing of the filaments by high speed atomic forcemicroscopy (HS-AFM), a powerful technique as has been demonstrated previ-
ously (Kodera et al., 2010). Skeletal actin filaments in F-buffer, pH 6.8, were
allowed to adhere to a mica surface covered fully with lipid membrane doped
with 5-10 % of cationic DPTAP lipid. His-tagged human cofilin was then
added and HS-AFM was performed. The cationic lipid membrane immobi-
lized actin filaments sufficiently firmly to withstand tapping by the AFM
probe, while allowing the filaments to change the helical pitch, so that we
were able to observe binding of cofilin to actin filaments as detected by in-
crease in filament height, formation and growth of cofilin clusters, changes
of the helical pitch by measuring the crossover length, and subsequent
severing of the filament near the boundary of the cofilin cluster. We are
currently gathering and analyzing more data, with the aim of establishing
the relationship among formation of cofilin clusters, changes in helical pitch
and the severing of filaments with a spatiotemporal resolution of several nm
and sub-seconds.
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In presence of a mechanical overload, our muscles grow, while immobilization
leads to their atrophy. This reveals the translation within the muscle of a me-
chanical signal into a biochemical and genetic program. In a search for factors
involved in controlling muscle mass in response to work load, recent findings
identified the transcription factor Srf (Serum Response Factor) and its cofactor
MRTF-A (also named MAL or MKL-1), which have been shown to be neces-
sary for mechanically induced hypertrophy and atrophy in mice. The nuclear or
cytoplasmic localization of MRTF-A in the muscle cell is actin dependent: the
recruitment of monomeric actin in filaments allows MRTF-A accumulations in
the nucleus, where it can bind SRF.
In order to better characterize the inter-relations between Srf and mechano-
transduction in muscle cells, we used stretchable substrates to apply in vitro
controlled global strains on myoblasts transfected with MRTF-A-GFP. We
have looked at the effect of actin overexpression on the localization of actin,
and at the evolution of MRTF-A localization in cells in response to a constant
strain. While the overexpression of actin leads to a more frequent cytoplasmic
localization of MRTF-A, a moderate strain leads to an accumulation of MRTF-
A in the nucleus within two hours, whereas a high strain leads to MRTF-A
expulsion from the nucleus. In order to explain those results, we studied the
evolution of the ratio between filamentous and monomeric actin through
time in the same experimental conditions.
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Parts of the cytoskeleton that are composed of actin are organized into filamen-
tous cross-linked meshworks and bundles, which facilitate numerous cellular
processes like cell migration, adhesion or cellular trafficking, to name a few.
Actin bundles integrated into the cytoskeleton are key components for force
generation and for reinforcing the cell against mechanical stress. From in
vivo studies, the filamentous actin structures have been found to be among
the most pressure sensitive assemblies. Already in 1966, Ikkai and Ooi reported
a strong sensitivity of cellular F-actin towards high hydrostatic pressure (HHP),
which depends on the presence of ATP and divalent cations. Details about the
thermodynamics and structural changes of the pressure-modulated G to F and F
to G transition and HHP effects on actin suprastructures like networks and bun-
dles are largely unknown, however. To shed more light on the stability profile
of G-, F- and bundled actin, a variety of spectroscopic, microscopic and calo-
rimetric methods was applied. The designed experiments reveal deeper insights
into the structural and thermodynamic properties of these actin species over a
wide range of temperatures and pressures. A complete p,T-phase diagram,
complemented by species-specific thermodynamic parameters, could be ob-
tained, leading to a deeper molecular-level understanding of G-, filamentous
and bundled actin, also at extreme environmental conditions.
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Ovarian cancer is one of the most deadly malignancies in women owing to
diagnosis at an advanced stage. A major limiting factor in treating
164a Sunday, February 16, 2014late-stage ovarian cancer patients is attributed to chemoresistance against
drugs like cisplatin and paclitaxel. Though alterations in physical properties
of the tumor microenvironment in a variety of different epithelial cancers,
including ovarian cancer, is well appreciated, how such alterations influence
normal versus drug-resistant cells remains obscure. In this study, we have
compared the behaviour of normal and cisplatin-resistant ovarian cancer cells
in response to changes in extracellular matrix (ECM) density. In comparison
to control cells, cisplatin-resistant cells were less spread, possessed less num-
ber of cell matrix adhesions, and lower degradation potential. Further,
cisplatin-resistant cells were found to possess higher baseline contractility
compared to normal ovarian cancer cells, as assessed by trypsin de-adhesion
assay. However, the enhanced contractility of cisplatin-resistant cells re-
mained insensitive to changes in ECM density. Western blots revealed lower
expression levels of the focal adhesion protein vinculin and higher expression
levels of the actin crosslinking protein a-actinin in cisplatin-resistant cells
compared to control cells. Together, our results point to a potential mesen-
chymal to amoeboidal transition in ovarian cancer cells that attain drug
resistance.
Key Words: chemoresistance, tumor microenvironment, extracellular matrix,
contractility, focal adhesions, actin bundling proteins.
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We present a single-chain theory to describe the dynamics of active actin
gels, driven by motor proteins. Molecular motors create active cross-links be-
tween the semiflexible filaments. We model the semiflexible filaments as
bead-spring chains; the active interactions between filaments are accounted
for using a mean-field approach in which filaments have prescribed probabil-
ities to undergo a transition from one motor attachment state into the other
depending on the state of the probe filament. The level of description of
the model includes the change in the end-to-end distance of the filaments,
the attachment state of the filaments, and the motor-generated forces, as sto-
chastic state variables which evolve according to a proposed differential
Chapman-Kolmogorov equation. The motor-generated forces are drawn
from a stationary distribution of motor stall forces that can be measured
experimentally. The general formulation of the model allows accounting for
physics that is not possible, or not practical, to include in available models
that have been postulated on coarser levels of description. To obtain analyt-
ical results that provide insight into the microscopic mechanisms underlying
the dynamics of active gels we first treat the special case of filaments as one-
dimensional dumbbells, approximate the elasticity of the semiflexible fila-
ments with a Hookean spring law, and assume that the transition rates are
independent of the tension in the filaments. We show that even in this simpli-
fied form, the model predicts the buckling of individual filaments that is
thought to be the underlying mechanism in the self-contraction of non-
sarcomeric actin-mysoin bundles [Lenz et. al., PRL 108, 238107 (2012)].
The active dumbbell model also explains the violation of the fluctuation-
dissipation theorem observed in microrheology experiments on active gels
[Mizuno et. al., Science 315, 370-373 (2007)].
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Vinculin is a ubiquitously expressed adhesion protein of cell-matrix and cell-
cell junctions. A larger splice-isoform of vinculin, metavinculin, is specifically
expressed in cardiac and smooth muscles where it co-localizes with vinculin.
Metavinculin has a 68 amino acid insert at its C-terminal actin binding tail
(metavinculin tail: MVT). Mutations in the MVT insert are associated with dis-
rupted intercalated disc organization and dilated cardiomyopathies, suggesting
a distinct and important role for this isoform in cardiac cells. In vitro, metavin-
culin was shown to sever and organize actin filaments into fine meshworks
while vinculin bundles them. Therefore, we focused on characterizing the
structural changes MVT induces in F-actin and the severing activity of
MVT. By using mutagenesis, cross-linking and site-directed labeling, we deter-
mined that MVT causes changes in the actin interprotomer contacts and dy-
namics. Specifically, the spectra of acrylodan attached to cysteine residuesengineered in dynamic loops of actin -D-loop, W-loop, and C-terminus- are
changed in the presence of MVT indicating a rearrangement of actin-actin con-
tacts. Enhanced excimers fluorescence due to pyrenes attached to cysteines 265
and 374 shows that MVT binding affects mainly lateral actin contacts. By using
a seeded actin elongation assay as a reporter of severing byMVT, we confirmed
that MVT has a biphasic mode of actin severing. At partial decoration with
MVT -as defined by co-pelleting of MVT-actin complexes- we observed
increasing amounts of filament severing. At higher decoration, above 60%,
MVT had a stabilizing effect on filaments. Our work enhances our understand-
ing of MVT induced severing and changes in actin filaments structure, which
appears to be important for the physiological role of this tissue-specific vinculin
isoform.
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The actin cytoskeleton is essential for cell mechanics and motility. Its dy-
namic nature and the host of actin binding protein (ABP) that modifies its ar-
chitecture and growth make its description challenging to achieve. Here we
propose to study actin branched networks through their mechanical properties.
We previously developed a powerful experimental method to measure the me-
chanics of in vitro dense branched actin networks assembled from a minimal
number of regulatory proteins (Pujol et al. PNAS 2012). This method is based
on magnetic beads and allows for the rapid acquisition of orders of magnitude
more experiments than previous techniques. We now focus on a recent in vitro
system that reconstitutes actin branched gels in a near-physiological environ-
ment, from yeast cell extracts. These reconstituted actin networks are analo-
gous to endocytic actin patches assembled in vivo, with more than 80
regulatory proteins present (Michelot et al., Curr. Biol, 2010). Compared to
gels assembled from purified proteins, these gels were notably stiffer and
more prone to plastic deformations, exhibiting failure and long-time relaxa-
tion. Because of the large number of experiments that can be carried out
with the magnetic technique and the ease of yeast mutant generation, we
are able to test the effects of the absence of numerous ABPs on the actin
network mechanics. The lack of two cross-linkers Sac6 (fimbrin) and Scp1
(calponin) softens the gels and modifies their long-term evolution. The
absence of Aip1, a protein involved in actin filament severing and network
disassembly, changes the plastic reorganization properties of the actin net-
works. In the future, the combination of the mechanical magnetic probing
technique and the yeast actin reconstituted system will provide an avenue
to precise the role of many other actin protein partners implicated in the me-
chanics of the cytoskeleton.
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We report the observation of a large-distance intermediate response in an
experimental system of entangled F-actin gels. The tools of 1-point and 2-point
microrheology were used to characterize the local and distance-dependent re-
sponses of the actin networks, respectively. The 2-point response at intermedi-
ate distances, arising from the effect of mass displacement rather than
momentum diffusion, is enhanced by the much softer local microenvironment
of the tracers compared to the bulk properties of the gel. Consequently, the in-
termediate behavior sets in at particle separations much larger than the mesh
size, x, of the actin gel. Results from several networks with different mesh sizes
will be presented, emphasizing this inherent property of complex fluids and its
relation to x.
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The dynamic remodeling of actin cytoskeleton drives cell movement. The
essential actin regulatory protein cofilin accelerates actin remodeling by
